The presence of lead in drinking water poses a range of risks to human health, including the retardation of some aspects of child development, the inducement of abortion, and other clinical disorders. The extent of these risks has not been quantified at the European Union (EU) scale.
INTRODUCTION
Before the mid-1970s there were not considered to be any problems with lead in drinking water in the United Kingdom (UK), with the possible exception of Glasgow.
At that time, water suppliers would normally only contemplate corrective action if 300 mg l 21 was regularly exceeded at a property, on the basis of the upper limit recommended by the World Health Organisation (WHO 1970) . Indeed, it was uncommon for lead in drinking water to be routinely analysed, particularly in hard water areas.
Some 30 years later, around 95% of the UK's public water supplies are being dosed with ortho-phosphate (a corrosion inhibitor) to minimise plumbosolvency. This is a remarkable transformation and case studies such as Hayes et al. (2006 Hayes et al. ( , 2008 demonstrate that ortho-phosphate dosing can be very successful, once optimised.
In England and Wales, plumbosolvency control is required in order to achieve at least 98% compliance householders has been poor because of the disruption and inconvenience involved (Van Dongen et al. 2007) . In this city, 23% of random daytime (RDT) samples were found to exceed 10 mg l 21 after a major lead pipe removal campaign that was backed by government funding.
In most of the EU, little corrective action to reduce lead in drinking water has been taken due in part to the absence of relevant data on lead at consumers' taps (COST Action 2007, 2008 Lead is known to be toxic yet it has been widely used as a plumbing material up until the early 1980s, owing to its resistance to aggressive ground conditions and malleable characteristics, but also most likely in the mistaken belief that the internal corrosion films arising from lead oxidation and their subsequent stabilisation would form a protective layer that would prevent further metal releases into water, and owing to ignorance of health effects (Troesken 2006) .
Lead contamination of drinking water can occur if it is dislodged or dissolved from pipes, fittings and fixtures (Walker & Oliphant 1982) , leached from PVC pipes with lead stabilisers (Packham 1971) , leached from sub-quality brasses (Grosvenor et al. 2005) or released from galvanic corrosion involving lead-soldered joints (Walker & Oliphant 1982; Maas et al. 2007) . However, on the basis of experience in the UK, the main source of lead in drinking water is lead piping (Hayes et al. 2006 (Hayes et al. , 2008 .
Lead in drinking water is considered the most bioavailable source of lead ; this is because soluble lead is more readily absorbed in the intestine than lead from dietary sources (Heard et al. 1983) . Furthermore, lead intake is increased from water absorbed into food during cooking (Moore et al. 1979; Smart et al. 1981) .
Daily intake is highly variable: it is dependent on the length of time the water has stagnated in the pipe, the degree of flushing water through the tap before consumption and by the presence of fluoridation and disinfection agents (WHO 1996; Maas et al. 2007) . Infants and foetuses are the groups most susceptible to adverse health effects as they absorb 4 to 5 times more lead than adults and the biological half-life is thought to be considerably longer (WHO 2004) .
Studies in Scotland, Wales, Germany and the US have found that high lead concentrations in tap water correlate with elevated body lead burden (Moore et al. 1979; Thomas et al. 1979; Lacey et al. 1985; Sherlock & Quinn 1986; Quinn & Sherlock 1990; Potula et al. 1999; Fertmann et al. 2003) .
The relationship between water lead and blood lead is illustrated in (Assennato et al. 1987; Bryce-Smith & Ward 1987; Schwartz & Otto 1991; WHO 1996; Stretesky & Lynch 2001; Needleman 2004) . The relationship between blood lead burden and adverse health effects is illustrated in Table 2 from a range of case studies and related literature sources.
Perhaps the greatest health concern associated with lead is reduced IQ in infants (Laxen et al. 1978; Tong et al. 1996; Canfield et al. 2003a,b; Chiodo et al. 2007; Bellinger 2008 ). Tong et al. (1996) found a reduction in the mean full scale IQ of 3 points in children aged 11 to 13 years for an 
Learning difficulties WHO (2003)
Increase from 10 to 20 mg dl Reduction in IQ by 3 points Tong et al. (1996) Increase from 10 to 20 mg dl Reduction in IQ by 1 to 2 points Pocock et al. (1994) Increase from 1 to 10 mg dl Epidemiological studies undertaken in Glasgow (UK), a city with historically high water lead concentrations due to highly plumbosolvent waters and the extensive presence of lead plumbing, found evidence of elevated blood lead levels (Moore et al. 1979; Lacey et al. 1985) . Studies in Glasgow also suggested development delays and reduced birth weight (Jones 1989) ; development deficiencies among children (Beattie et al. 1972) ; ischaemic heart disease, renal damage, gout and hypertension (Moore 1977) related to high lead concentrations in the tap water.
Corrective water treatments of Glasgow's water supplies were applied in 1979 (lime to raise pH) and again in the mid-1980s (additional dosing of orthophosphate). Table 3 summarises the reductions in water lead and blood lead that were achieved, based on the study by Moore et al. (1998) . In another study by Watt et al. This suggests the potential for higher prenatal mortality rates within a population if the drinking water is sufficiently plumbosolvent. Zonal surveys of consumers' taps based on stagnation sampling methods for lead in drinking water are invalidated by the potential for dilution from water standing in non-lead pipework. The normal procedure is to flush the pipework for a few minutes, allow the water to stagnate for a period (e.g. 30 minutes) and then sample the first litre of water that flows from the tap. It is common in the UK for the lead connection pipe to run into a section of copper piping up to the tap used for drawing drinking water. An 8.8 metre length of 12 mm internal diameter copper pipe has a volumetric capacity of 1 litre and it can be readily appreciated that even short lengths will exert a significant dilution effect.
SAMPLING ISSUES
Zonal judgements based on lead pipe test rigs alone are also potentially invalid because the time dependency of the dissolution of lead into the water varies in a water-specific 
EMERGING EVIDENCE OF PROBLEMS
Arising from the preliminary assessment of sampling methods (COST Action 637 2008), the data for lead that has so far emerged, based on at least 100 samples in each case, is summarised in Table 5 . The term 'emerging evidence' is used as either the data has only recently been obtained or the data has not been previously published in a collated EU-wide format. In Table 5 , with the exception There is further evidence of problems with lead.
Extensive laboratory-based plumbosolvency testing in the UK using the method of Colling et al. (1987) indicates (Hayes 2007 ) that all types of drinking water in supply are likely to be sufficiently plumbosolvent so as to cause non-compliance with both the EU standards for lead (i.e. 10 and 25 mg l 21 ) wherever lead pipes are present Taken together, these two studies suggest that around 65% of houses that have a lead pipe, either as a connection pipe or as internal piping, can be expected to exceed the EU's lead standard of 10 mg l 21 , unless corrosion inhibitor is dosed (and correctly so), which in the EU is not common outside the UK. This raises the question: how many houses are supplied by a lead pipe? 30MC refers to 30 minutes' contact between water and lead piping during testing.
(if corrosion inhibitors are not dosed). This data is

OCCURRENCE OF LEAD PIPES IN THE EU
The data on the occurrence of lead pipes in the EU is poor; the most recent assessment by Van den Hoven et al. (1999) is summarised in Table 7 . The basis of this data is not known, but it is likely to be no more than a collation of best estimates. These estimates suggest that about 25% of houses in the EU have a lead pipe, putting 120 million people at risk in today's 27 member states. There is obvious scope to improve knowledge of the occurrence of lead pipes in the EU.
RDT sampling has been used in the UK to assess ing. An initial estimate is that about 25% of dwellings in the EU have a lead pipe, but in some cities the percentage of houses affected will be much higher.
The health effects of lead in drinking water are well proven, although the extent of these effects has not been quantified at the EU scale. An initial estimate is that 120 million people in the EU are at potential risk from lead in drinking water.
Although the total removal of all lead pipes must be the goal, there are practical difficulties as well as financial constraints. The dosing of ortho-phosphate (a corrosion inhibitor), once optimised, has been shown to be very effective, based on experience in the UK, but this approach is being resisted elsewhere in the EU on philosophical and environmental grounds.
Once the health risks from lead in drinking water have been properly evaluated, there can be no doubt that solutions to these difficulties and concerns will be found.
Continuing to ignore these risks is no longer an option. 
